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1. STATUS OF THE LOW-BETA INSERTION PROJECT
1.1. Progress history
A proposal for the construction of a high-luminosity insertion at one
of the ISR intersections, by means of superconducting quadrupole magnets,
was submitted to the first session of the Workshop on Future ISR Physics,
4-15 October 19761). That paper proposed a reduction of the effective beam
height at the intersection by a factor 6, accompanied by a contraction of
the interaction diamond by a factor 2 in width and length. A CERN report 2)
about the construction of a ~rototype superconducting quadrupole was issued
at the same time.
The characteristics of the insertion were thereafter reviewed at the
ISRC and at the Research Board in November. The Research Board supported
the construction of a superconducting low-e insertion on one ISR beam, to
allow further study of this technique, whereas it decided to postpone con-
sideration of a complete high luminosity intersection until after the
second session of the Workshop. After some modifications of the layout of
the insertion, aimed at standardizing the types of superconducting quadru-
poles and at increasing the flexibility for future experimental utilization,
the project' of a single ring insertion was presen~ed to the Executive Board
and approved on 13 January 1977.
The project requires 4 superconducting quadrupole magnets, also equip-
ped with sextupole and dodecapole windings, and one classical quadrupole.
Thirteen current stabilized power supplies are needed for their excitation.
A dedicated helium liquefier will be installed near the intersection and a
network of vapour cooled transfer lines will connect it to the four magnet
cryostats. The total estimated cost is 4.6 MSF, and installations in the
second half of 1979 is foreseen.
Immediately after project approval, enquiries were started among
European firms and detailed specifications and drawings were prepared, aimed
at making competitive tenders for industrial production possible. Invitations
to tender were sent out in Spring and a very positive response was obtained.
To date, the superconductor has been ordered, an adjudication for the
manufacture of the quadrupoles proper has been submitted to Finance Committee,
the tenders for the cryostats are being evaluated and those for the liquefier
are due within two weeks.
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Me~nwhile, measurements have been continued on the prototype ~n order
to test several modifications introduced into the final design to reduce
the outer dimensions of th~ magnets and cryostats and to improve the per-
formance of the sextupole winding. The beam optics of the revised scheme
have been thoroughly investigated and operating conditions and tolerances
for the whole machine with the low-8 insertion have been determined.
1.2. Present layout and beam optics of the low-beta insertion3)
The present layout of the low-8 scheme is shown in figure 1, where
both geometric dimensions and magnetic lengths are given. The scheme in-
cludes only quadrupo1es Q1 to Q4 (superconducting) and Q5 (normal) in
ring 1. However, also the outlines of the corresponding quadrupoles in
ring 2 and those of the superconducting solenoid and of its compensating
dipoles are represented, in order to show the compatibility of the layout
with a fully equipped experimental intersection. The characteristics of the
required quadrupo1es are listed in Table 1. Field gradients and sextupole
components have been computed both for 26 GeV/c and 31 GeV/c beam momentum
when compared with the values achieved in the prototype, the figures show
that operation of the insertion at 31 GeV/c ought to be possible.
Table 1
Parameters of the required quadrupo1es
. Quadrupole Ql Q2 Q3 Q4 Q5
Technology SC SC SC SC Terwill..
: Type F D D F F
K (m-2 ) -0.38134 0.40786 0.36063 -0.36104 -0.0509
~ v
...:l ~
0 Z Gradient (Tm-1) 33.8 36.15 31.96 32.00 4.51
Po< ~ 26 GeV
p Z
J>:l 0 Gradient (Tm-1) 39.9 42.7 37.75 37.9 5.33
A Po< 31 GeV
< ::E:
p 0 Magnetic length 0.65 1.15 1.15 0.65 0.385
0' U (m)
K' (m-3 ) -0.202 0.29 0.32 -0.23 0
~ ~ v
...:l Z B" (Tm-2)
0 17.9 25;70 28.36 20.38 0~ 26 GeV
j:4 z
p 0 B" (Tm-2) 21.14 30.35 33.5 24.07 0~ Po< 31 GeV
~ ::E:
~ 0 Magnetic length
en u 0.8 1.30 1.30 0.8 0(m)
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It is foreseen that, when the 10w-8 insertion is excited, the focusing
properties of the basic magnetic system of ring 1 will be so adjusted as to
maintain machine operation on the usual ELSA working line, centred at
QH = 8.90, QV = 8.88. The maximum momentum bite in the stack is ~p/po = 2.7 %.
Figure 2 shows the graphs of the betatron functions inside the insertion under
these operating conditions.
The minimum value of 8 is 0.30 m, which represents a reduction by a
v
factor 41 with respect to the nominal value : the corresponding reduction ~n
beam height is 6.4. Because of the reduction of ap and 8h in the insertion,
the beam width is reduced by a factor 2.5. The maximum beam width is not
reached in the insertion, but in the first mid-F straight section of the
adjacent inner arc of the machine, thus reducing the probability of direct
beam losses in the superconducting magnets. Also the vertical aperture
limitation is in the normal machine magnets.
The tolerances on field pattern, both in terms of total errors on the
gradient integrals (10- 3 ) and of individual mu1tipo1e components are tight,
but have been met in the prototype. The closed orbit distortions resulting
from random misalignments of the quadrupo1es by 0.1 rom are up to 3 times
larger than normal operating values at ISR and will require special correc-
tions. The mismatch of the horizontal betatron oscillations opens a gradient
stopband of about 0.1 half-width, which tightens by a factor 2 the tolerances
on the other magnetic components of the machine for operation on the ELSA
working line.
1.3. Features of the quadrupo1es4)
The final design of the superconducting magnets is illustrated by
figure 3, which shows an assembly drawing of a long quadrupole in its cryos-
tat. The main windings and the four-sector iron yoke are clamped and pre-
stressed by shrunk-on aluminium rings, which have replaced the bolted stain-
less steel shell of the original prototype, thus allowing a significant
reduction of the outer dimensions. (This part of the modified prototype is
shown in figure 4, alone, and in figure 5, after introduction of the inner
tube of the helium vessel, which carries the sextupo1e and dodecapo1e
windings). The thin, corrugated outer wall of the helium vessel tightly
surrounds the magnet body : the assembly is suspended in the vacuum tank
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and inside its gas cooled superinsulated heat screen by means of 4 slender
inconel-7l8 bars. The gas cooled current leads and the helium lines enter
the cryostat through a service funnel.
Figure 6 shows the original prototype-cryostat assembly during magnetic
measurements: the warm bore is entirely occupied by the measuring coils.
As a result of magnetic measurements, the required current in the dodecapole
winding for field pattern optimization could be found : the residual errors
in the axial integral of the nominal quadrupole gradient under these optimum
conditions are shown in figure 7. Endurance runs have been performed with
the prototype at excitation levels corresponding to 31 GeV/c operation,
which were reached after a modest amount of training.
2. PROSPECTS FOR HIGH LUMINOSITY
If ring 2 were equipped with a low-S insertion identical to that of
ring 1, a high luminosity intersection would result. The exact gain in lumi-
nosity depends on the specific operating conditions which, as in the present
machine, would have to be selected as a function of acceptable background.
At 26.5 GeV/c central momentum, a low-background running condition, with
25 A in each ring, would give a luminosity of 1.1 1032 cm-2 s-1 in the in-
sertion, with 1.5 1031 in the other intersections. With currents above
40 A, a maximum luminosity of 3.10 32 might be reached. The width and length
of the interaction diamond would be reduced by a factor 2.5.
Beam losses in the superconducting quadrupoles could raise the temper-
ature of the superconductor and drive it normal. Based on computations of
energy depositionS) and on the temperature margin of 26 GeV operation, the
maximum tolerable instantaneous beam loss in one of the quadrupoles would
be 1010 protons, and the maximum loss rate 5.108 protons per second. The
latter corresponds to a loss rate of 40 p.p.m. per minute from a 40 A beam,
in one of the quadrupoles.
The setting-up of the ISR with the high luminosity insertion would be
more critical than under presently normal conditions, mainly because of the
great sensitivity of the closed orbits to misalignments, particularly to
those of the superconducting quadrupoles. More frequent and precise orbit
corrections would be needed. The horizontal tune would also be twice more
sensitive to variations in the focusing strengths of all magnets.
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Experi~nce with superconducting magnets in many laboratories has shown
that the most critical part in operation is the cryogenic system. Long term
reliability of helium liquefiers is still rather modest. A superconducting
high-luminosity insertion would therefore have a lower operational avail-
ability than the rest of the ISR. Unwanted stops could occur several times
in a year, at least at the beginning of operation. In these cases, the ISR
could resume operation with the insertion off.
According to recent information from industry and to available options,
the addition of a second low-S insertion would cost about 3.6 MSF, if the
decision were made soon enough to allow the purchase of one common liquefier
of double capacity. Installation could take place in the first half of 1980,
and the second half of that year could be devoted to running-in the ISR with
the insertion.
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